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(54) SURFACE TREATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface treating device capable 
of surface treatment at a high speed and high quality. 
SOLUTION: Casing 2 in a surface treating device 1 is divided into two 
chambers of a plasma generating chamber 3 provided with plasma 
generating electrodes 5 and 6 and a substrate treating chamber 4 provided 
with a substrate supporting stand 8. On the electrode 6 composing the 
bulkhead of both chambers 3 and 4, a plasma blow-off port 7 has been 
formed. Moreover, on the electrode 5 in the upper direction, a through hole 
5b as a discharge non-uniformizing means is formed. This through hole 5b 
functions also as the introducing port of carrier gas and a gaseous starting 
material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the schematic diagram of the surface treatment equipment which is the 1st example of this invention. 
[Drawing 21 It is drawing showing the array of the breakthrough formed in the plasma generating electrode. 
[Drawing 31 It is drawing showing other arrays of the breakthrough formed in the plasma generating electrode. 
[Drawing 4] It is drawing showing the array of further others of the breakthrough formed in the plasma generating electrode. 
[Drawing 51 It is drawing showing the array of further others of the breakthrough formed in the plasma generating electrode. 
[Drawing 61 It is drawing showing the array of further others of the breakthrough formed in the plasma generating electrode. 
[Drawing 71 It is the schematic diagram showing the state of the plasma generating room at the time of the electric discharge 
in the above-mentioned surface treatment equipment. 

[Drawing 81 It is the schematic diagram showing other states of the plasma generating room at the time of the electric 
discharge in the above-mentioned surface treatment equipment. 

[Drawing 91 It is the schematic diagram showing the state of further others of the plasma generating room at the time of the 
electric discharge in the above-mentioned surface treatment equipment. 

[Drawing 101 It is the schematic diagram of the surface treatment equipment which is the 2nd example of this invention. 
[Drawing 111 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 3rd 
example of this invention. 

[Drawing 121 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 4th 
example of this invention. 

[Drawing 131 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 5th 
example of this invention. 

[Drawing 141 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 6th 
example of this invention. 

[Drawing 151 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 7th 
example of this invention. 

[Drawing 161 It is the schematic diagram of the plasma generating room in the surface treatment equipment which is the 8th 
example of this invention. 

[Drawing 171 It is the schematic diagram of the surface treatment equipment which is the 9th example of this invention. 
[Drawing 181 It is the schematic diagram of the surface treatment equipment which is the 10th example of this invention. 
[Description of Notations] 
1 , 11,21,31 Surface treatment equipment 

2 Casing 

3 Plasma Generating Room 

4 Substrate Processing Room 

5, 15, 25, 35 Plasma generating electrode 
5a, 15a, 25a, 35a Low wall section 

5b, 15b, 25b, 35b Breakthrough 

5c, 15c, 25c, 35c Upper wall section 

5d, 15d, 25d, 35d Gas supply mouth 

15e Cylinder-like lobe 

25e Crevice 

35e Pillar-like salient 

6, 16, 26, 36 Plasma generating electrode 
16a Wall surface 

16b Pillar-like salient 
26a Wall surface 
26b Pillar-like crevice 
36a Wall surface 
36b Insulator 
7 17 Plasma outlet 
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8 Substrate Susceptor 

9 Permanent Magnet 
S Substrate 

P RF generator 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cg 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the surface treatment equipment which can form a 
microcrystal thin film at high speed [ are high quality and ] in more detail about the surface treatment equipment suitable for 
the various surface treatment to a substrate, especially the membrane formation processing to a substrate. 
[0002] 

[Description of the Prior Art] The conventional parallel monotonous type plasma CVD (Chemical Vapor Deposition) In 
casing, the plate-like plasma generating electrode of a couple counters in parallel, and equipment is formed. One electrode has 
the function as a substrate susceptor among the aforementioned plasma generating electrodes, and further, in order that this 
equipment may adjust the temperature of a substrate to the temperature suitable for the vapor growth, the heater is formed. If 
the voltage by the power supply (power supply of 13.56 MHz) of high frequency is impressed between both plasma 
generating electrodes where a substrate is laid in aforementioned one electrode, electric discharge will be performed by 
inter-electrode [ these ]. Plasma occurs by this electric discharge, material gas, for example, mono-silane gas, is plasma-ized, 
and a silicon film is formed in the aforementioned substrate front face. 

[0003] If it is in this plasma CVD equipment of the conventional parallel monotonous type, it has the advantage that the 
substrate of a large area can be once formed by membrane formation processing by enlarging area of the plate-like 
aforementioned plasma generating electrode which lays a substrate. However, if it is in the plasma CVD equipment of the 
conventional parallel monotonous type, the material gas plasma-ized by both the plasma generating electrode is uniformly 
diffused in the membrane formation gassing interior of a room, and the part only contributes to membrane formation of the 
substrate laid on the aforementioned electrode. For this reason, although the use efficiency of material gas is low, for example, 
0.01 micrometer/an about minute and injection power have a large membrane formation speed when it is going to form an 
amorphous silicon thin film and a mark crystal silicon thin film on a substrate, membrane formation speed is slow. Therefore, 
in order to have manufactured semiconductor devices with comparatively thick thickness, such as a solar battery, the question 
was further required at the time of merit, and it had become a low throughput and the key factor of high cost. 
[0004] Then, in order to gather membrane formation speed, increasing the injection power by the RF generator is also 
considered. However, naturally between both plasma generating electrodes, current is flowing, and the number of charged 
particles within plasma is decided according to the size of this current. Bias is carried out to plus to each electrode, it is 
accelerated towards the substrate laid more on each electrode and electrode of low voltage, and this charged particle collides 
with this substrate directly. By the damage by the collision to the substrate of this charged particle, this substrate causes 
degradation to membraneous quality. The collision frequency of this charged particle increases with increase of injection 
power, and membraneous degradation by the collision damage of this charged particle also becomes remarkable. Furthermore, 
with increase of the RF power by the RF generator, in a gaseous phase, an impalpable powder will occur so much and 
membraneous degradation by the impalpable powder will also increase by leaps and bounds. 

[0005] Therefore, if it is in the plasma CVD equipment of the conventional parallel monotonous type, in order to avoid 
membraneous degradation by the damage by collision and impalpable powder of such a charged particle, injection power 
(injection power) must be stopped and current must be lessened. That is, the upper limit of injection power and current existed 
substantially, and membrane formation speed was not able to be raised more than fixed level. 

[0006] On the other hand, the activation gas generator which consists of a formation room which has the plasma generating 
electrode of the couple which counters in the vacuum chamber for the thin film deposition system currently indicated by 
JP,61-32417,A, for example performing thin film formation to a substrate is allotted. The single pore for spouting an 
activation gas into a vacuum chamber is formed in one wall of the aforementioned activation gas generator. Moreover, the 
substrate is supported by the position which counters the aforementioned pore in the aforementioned vacuum chamber. 
[0007] High-frequency voltage is impressed to the plasma generating electrode of the aforementioned couple, between two 
electrodes, glow discharge is generated and plasma is made from the aforementioned thin film deposition system. The 
material gas introduced in the aforementioned activation gas generator is decomposed by this plasma. The material gas 
activated in the degree of vacuum of the aforementioned vacuum chamber as became low 2-3 figures rather than the 
aforementioned activation gas generator is turned to a substrate, and it is made to blow off from the aforementioned pore by 
adjusting the vacuum pump arranged on the vacuum chamber, and the conductance of the aforementioned pore at this time. 
[0008] Thus, a plasma generating electrode is allotted to the interior of the activation gas generator formed in the vacuum 
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chamber which performs thin film formation, and membrane formation speed can be raised in the thin film deposition system 
which turns to a substrate the material gas activated in this activation gas generator, and sprays it positively, without 
increasing injection power. Furthermore, when injection power is increased and stronger plasma is generated, the plasma 
generating electrode is installed in the formed aforementioned activation gas generator, and there is no possibility of giving a 
damage to a substrate by glow discharge inter-electrode [ this ]. Therefore, it becomes possible to increase injection power 
and to raise membrane formation speed further. Moreover, although membrane formation speed increases, crystallization of a 
thin film is also promoted and a quality thin film can be formed at a membrane formation speed quicker than before. 
[0009] 

[Problem(s) to be Solved by the Invention] Thus, although membrane formation speed is increasing by forming a plasma 
generating room and a membrane formation processing room, improvement in the further membrane formation speed is 
desired, and high-speed membrane formation of a microcrystal thin film is especially desired strongly as uses, such as a solar 
battery. Then, this invention aims at offering the surface treatment equipment in which surface treatment is possible at still 
high speed and with high quality that this request should be attained. 
[0010] 

[Means for Solving the Problem and its Function and Effect] In order to solve this technical problem, invention concerning a 
claim 1 In casing equipped with the plasma generating electrode, material gas inlet, and substrate susceptor of a couple 
Generate plasma by the aforementioned plasma generating electrode, and material gas is plasma-ized. It is surface treatment 
equipment which carries out plasma treatment of the substrate front face laid on the aforementioned substrate susceptor. the 
aforementioned casing It is formed by the bilocular of the plasma generating room equipped with the aforementioned plasma 
generating electrode, and the substrate processing room equipped with the aforementioned substrate susceptor. The 
aforementioned substrate processing room is considering the surface treatment equipment characterized by the thing it comes 
to allot the electric discharge uneven means for coming to be open for free passage with the aforementioned plasma 
generating room through one or more plasma outlets, and making uneven electric discharge between the aforementioned 
plasma generating electrodes at the aforementioned plasma generating room as main composition. 

[001 1] If RF power is supplied to the plasma generating electrode of the aforementioned couple, electric discharge will take 
place by the aforementioned inter-electrode one, and plasma will occur in the aforementioned plasma generating interior of a 
room. The carrier gas introduced into this plasma generating interior of a room is activated by the plasma, and the active 
species which contributes to surface treatment is generated. At this time, the plasma of this plasma generating interior of a 
room flows out of the aforementioned plasma outlet into the aforementioned substrate processing interior of a room by 
adjusting the room pressure of the aforementioned substrate processing room to low voltage rather than the aforementioned 
plasma generating room. Plasma treatment of the substrate front face of the aforementioned processing interior of a room is 
carried out by the flow of this plasma, and surface treatment is performed to this substrate. 

[0012] Thus, since the plasma of the plasma generating interior of a room reaches efficiently towards a substrate by forming 
to the bilocular of a plasma generating room and a substrate processing room from a plasma outlet, surface treatment speed 
also increases, crystallization is also promoted and, moreover, surface treatment can be performed uniformly with high quality 
at high speed. 

[0013] Furthermore, this invention has allotted the electric discharge uneven means for making uneven electric discharge 
between the aforementioned plasma generating electrodes to the aforementioned plasma generating room. Therefore, local 
irregularity arises in the outline configuration of the plasma luminescence region in the aforementioned plasma generating 
interior of a room, and the configuration becomes uneven. Moreover, according to various kinds of processing conditions, 
such as power impressed to a plasma generating electrode, and room pressure, a quantity of gas flow, nonuniformity arises 
also about the luminescence intensity of the plasma in the aforementioned plasma luminescence region, and the field where 
plasma luminescence intensity is strong occurs locally. 

[0014] Here, in order are uniform conventionally and to perform surface treatment at high speed, it was considered that it is 
necessary to make plasma emit light so that electric discharge at the aforementioned plasma generating room may be made as 
uniform as possible, and the outline configuration of a plasma luminescence region may turn into a smooth configuration 
without irregularity and there may be no local luminescence nonuniformity also in the luminescence intensity of plasma. 
However, when this invention persons completely turned positively the electric discharge in the aforementioned plasma 
generating interior of a room unevenly from the reverse way of thinking, they found that it was possible to perform surface 
treatment uniformly for high quality very high-speed moreover. When local irregularity occurs in the outline configuration of 
a plasma luminescence region or the field where the luminescence intensity of plasma is very strong occurs locally as the 
reason The outline configuration of a plasma luminescence region is made smooth without irregularity like before. And since 
gas can be efficiently activated compared with the case where plasma is made to emit light so that there may be no local 
nonuniformity also in luminescence intensity, and the yield of active species increases as a result, surface treatment speed is 
considered to improve remarkably. 

[0015] In addition, as the aforementioned substrate, metals, such as glass, an organic film, or SUS, can be used. Although the 
surface treatment equipment of this invention can furthermore be used for various surface treatment, such as membrane 
formation, and ashing, etching, it is used especially suitable for the aforementioned substrate front face, in case silicon thin 
films and oxide films, such as microcrystal silicon, are formed further, an amorphous silicon and. 
[0016] Although it is possible to connect DC power supply or a RF generator to the aforementioned plasma generating 
electrode, and to impress to a direct current - high-frequency voltage, it is desirable to switch on RF power especially, in 
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addition, per unit area of the plasma generating electrode to which this injection power impresses power ~ 1 mW/cm2 - 5 
W/cm2 **■-- carrying out -- desirable -- further -- 10 mW/cm2 - 1 W/cm2 ** carrying out is desirable 
[0017] The aforementioned plasma outlet has necessary nozzle dimensions, and its bird clapper is desirable. Necessary nozzle 
dimensions are configurations which can draw the plasma of a plasma generating room in an outlet positively, can be made to 
be able to diffuse at an angle of a request of plasma at a substrate processing room, and can be spouted. For example, it 
combines, ****** of an upstream reduces the diameter towards a downstream further, and the shape of a cylindrical shape of 
a circular cross section, the shape of a **** cone whose diameter is expanded towards a substrate processing room from a 
plasma generating room, its configuration whose diameter the half-section of a downstream expands towards a downstream 
are mentioned. Furthermore, it is also possible to make the aforementioned plasma outlet into a slit configuration. In addition, 
when preparing many aforementioned plasma outlets, a uniform thin film can be formed also to the substrate of a large area at 
high speed. 

[0018] The aforementioned plasma generating interior of a room may be made to carry out opening of the aforementioned 
material gas inlet, or only carrier gas can be introduced into the aforementioned plasma generating interior of a room, and 
opening of the aforementioned material gas inlet can be carried out to the side of the aforementioned plasma outlet. 
Furthermore, for example using introductory meanses, such as a pipe for material gas introduction, the substrate processing 
interior of a room may be made to carry out opening of the aforementioned material gas inlet, and material gas may be 
introduced between substrate processing indoor the aforementioned plasma outlets and substrates. When carrying out opening 
of the aforementioned material gas inlet to the aforementioned outlet, or when making the substrate processing interior of a 
room carry out opening, the aforementioned material gas is plasma-ized by the plasma-ized carrier gas which passes the 
aforementioned outlet. In this case, the internal surface of the aforementioned plasma generating room is not polluted by the 
aforementioned material gas. 

[0019] The aforementioned electric discharge uneven meanses in this invention are one or more insulating regions formed in 
either [ at least ] one or more crevices formed at least in one side of one or more salients which project at least from one side 
of the aforementioned plasma generating electrode, and the aforementioned plasma generating electrode in invention 
concerning claims 2-5, one or more breakthroughs formed at least in one side of the aforementioned plasma generating 
electrode or the aforementioned plasma generating electrode. It is independent, or these electric discharge uneven meanses are 
combined and can also be allotted [ plurality and ]. While the luminescence intensity of plasma also becomes uneven as 
mentioned above by allotting this electric discharge uneven means, consequently surface treatment speed improves 
remarkably, quality and uniform surface treatment becomes possible. 

[0020] Furthermore, in invention concerning a claim 6, the magnetic field is formed near the aforementioned plasma outlet. 
Thus, it is efficient by forming a magnetic field near the aforementioned plasma outlet in the gas which could strengthen the 
plasma luminescence intensity near the plasma outlet especially, and was activated, and since it can introduce to a substrate 
processing room smoothly, without reducing the activity further, surface treatment speed improves further. In addition, near 
the aforementioned plasma outlet, the inside of the upper part of this outlet, a lower part, and an outlet is included. 
[0021] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is concretely explained with reference to a 
suitable example. Drawing 1 is the schematic diagram of the surface treatment equipment 1 which is the 1st example of this 
invention. This equipment 1 is intercepted with the open air, and the grounded casing 2 is formed by two rooms of the plasma 
generating room 3 and the substrate processing room 4. 

[0022] In the aforementioned plasma generating room 3, the plasma generating electrodes 5 and 6 of the couple connected to 
RF generator P are allotted in parallel up and down. Among the electrodes 5 and 6 of a couple, the upper electrode 5 is 
attached in upper wall 2a of the aforementioned casing 2 through insulator 2b, and the downward electrode 6 constitutes the 
septum with the aforementioned substrate processing room 4. In addition, although the aforementioned electrode 6 is attached 
in upper wall 2a of casing 2, it is possible for it not to be limited to this and to attach in the arbitrary positions of casing 2. 
[0023] The circular breakthrough 7 is formed in the center of the electrode 6 of the aforementioned lower part which 
constitutes a septum, and this breakthrough 7 constitutes the plasma outlet 7 of this invention. The aforementioned plasma 
generating room 3 and the substrate processing room 4 are opened for free passage through this plasma outlet 7. In this 
example, although the aforementioned plasma outlet 7 is made circular, it is also possible to consider as the shape of a **** 
cone whose diameter is expanded towards the substrate processing room 4 in to consider as the shape for example, of a 
rectangle otherwise **** from the plasma generating room 3, a ******** configuration, the configuration whose diameter 
****** of an upstream reduces the diameter of etc. towards a downstream further, and the half-section of a downstream 
expands towards a downstream, etc. Moreover, it is also possible to make the aforementioned plasma outlet 7 into a slit 
configuration. 

[0024] The aforementioned upper electrode 5 is making the shape of a hollow pillar, and two or more breakthrough 5b with a 
circular cross section is formed in low wall section 5a of the downward electrode 6 and the electrode 5 which counters. As for 
two or more of these breakthrough 5b, it is desirable to consider as an array as shown in drawing 2 - drawing 6 . 
[0025] In the array shown in drawing 2 (a), the aforementioned breakthrough 5b is on radiation, and is allotted on the 
concentric circle. Furthermore, in this drawing 2 (b), a part for the core in the array of drawing 2 (a) is made into the 
nonporous field. Furthermore, the breakthrough 5b train on the radiation which the array shown in drawing 3 (a) is on 
radiation, and adjoins each other further on a concentric circle is arranged on the concentric circle which is not on the same 
periphery mutually, namely, shifted two sorts of phases in the illustration example. Furthermore, in drawing 3 (b), a part for 
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the core in the array of drawing 3 (a) is made into the nonporous field. 

[0026] Moreover, as shown in drawing 4 (a), you may be an array based on the hexagon which two or more hexagons were 
made to adjoin in the tortoise shell state where one side was made to share with an adjacent hexagon, and the array which 
makes a part for a core a nonporous field in the hexagonal array of drawing 4 (a) like drawing 4 (b). Furthermore, the array 
based on the square containing a rectangle like drawing 5 (a), a square, a parallelogram, a rhombus, etc. and the array which 
makes a nonporous field a part for the core in a square array like drawing 5 (b) are also possible. Moreover, it is in the state 
where one side was made to share with an adjacent triangle like drawing 6 (a), and it is also possible to make a part for a core 
into a nonporous field in the array of the triangle like the array based on the triangle which two or more triangles were made 
to adjoin, and drawing 6 (b). 

[0027] Moreover, as for the aforementioned breakthrough 5b, it is desirable to set a diameter to 1mm - 10mm, and it is still 
more desirable to set a diameter to 3mm - 7mm. This breakthrough 5b is the electric discharge uneven means of this 
invention, and since the front face of an electrode 5 is no longer a flat side, a corner is formed and it becomes easy to 
concentrate electric field on the corner by forming two or more breakthrough 5b, it becomes uneven discharging it. In 
addition, in this example, although the cross section of the aforementioned breakthrough 5b is made circular, it is not limited 
to this, and it is good also as a rectangle cross section or a polygon-like cross section. Furthermore, an aperture can also be 
changed in the thickness direction of low wall section 5a of the aforementioned electrode 5. 

[0028] Moreover, in this example, mixed gas with the carrier gas for forming 5d of cylinder-like gas supply mouths in the 
center of upper wall section 5c of the aforementioned upper electrode 5, stabilizing plasma, while promoting material gas, 
such as a mono silane, and generating of plasma inside the hollow of the aforementioned electrode 5 from 5d of this gas 
supply mouth, and conveying material gas to Substrate S is introduced. In addition, 5d of this gas supply mouth may not be 
limited in the shape of a cylinder, and it may be rectangle tubed. Furthermore, it is possible for the formation position of 5d of 
these gas supply mouths not to be limited to the center of the aforementioned upper wall section 5c, either, and to form it in 
arbitrary positions. 

[0029] The mixed gas introduced into the interior of the hollow of the aforementioned electrode 5 from 5d of these gas supply 
mouths is introduced in the shape of a shower in the aforementioned plasma generating room 3 from aforementioned 
breakthrough 5b, and the aforementioned breakthrough 5b has the function as an electric discharge uneven means, and the 
function as a mixed-gas inlet. Thus, once storing mixed gas in the interior of the hollow of the aforementioned electrode 5, the 
aforementioned mixed gas can be introduced in the aforementioned plasma generating room 3 by uniform concentration and a 
uniform pressure by introducing in the aforementioned plasma generating room 3 in the shape of a shower from 
aforementioned breakthrough 5b. in addition, the inlet from which only carrier gas is introduced into the interior of the hollow 
of the aforementioned electrode 5, only carrier gas is introduced from aforementioned breakthrough 5b, and material gas 
differs separately -- preparing « the interior of the aforementioned plasma generating room 3 - or it can also introduce inside 
the membrane formation processing room 4 

[0030] The substrate susceptor 8 is allotted to the position which counters in the aforementioned substrate disposal room 4 at 
the aforementioned plasma outlet 7. Since the aforementioned substrate susceptor 8 is grounded in this example, the substrate 
S laid on this susceptor 8 will be grounded similarly. In addition, it is also possible to carry out bias impression 
direct-current-wise or in alternating current, without grounding the aforementioned substrate susceptor 8. Moreover, the 
heater is built in the aforementioned substrate susceptor 8, and the temperature of the substrate S laid in the upper surface of 
the aforementioned substrate susceptor 8 is adjusted to the temperature suitable for the vapor growth. In addition, room 
pressure is adjusted in 1 - lOOPa of numbers by the bulb, pressure regulating valve, and vacuum pump which do not illustrate 
the aforementioned substrate processing room 4. 

[0031] If RF power is supplied to the plasma generating electrodes 5 and 6 of the aforementioned couple by RF generator P, 
electric discharge will take place between the aforementioned electrode 5 and 6, and plasma will occur in the aforementioned 
plasma generating room 3. The material gas and carrier gas which were introduced in this plasma generating room 3 are 
activated by the plasma, and the active species which contributes to membrane formation is generated. Since the 
aforementioned substrate processing room 4 is adjusting room pressure to low voltage rather than the aforementioned plasma 
generating room 3 at this time, the plasma in this plasma generating room 3 flows out of the aforementioned plasma outlet 7 
into the aforementioned substrate processing room 4. Plasma treatment of the substrate S front face in the aforementioned 
processing room 4 is carried out by the flow of this plasma, and a thin film is formed in the front face of this substrate 4. 
[0032] Since breakthrough 5b is formed in the aforementioned upper electrode 5 and electric-field concentration takes place 
locally at this time, electric discharge between the aforementioned electrode 5 and 6 becomes uneven. Therefore, as activation 
of the introduced mixed gas also becomes uneven and is shown in drawing 7 - drawing 9 , the luminescence state of plasma 
also becomes uneven. In the luminescence state of the plasma shown in drawing 7 , the luminescence region of plasma has 
projected locally towards the formation position of the aforementioned breakthrough 5b, and the front face by the side of the 
electrode 5 of the luminescence region which makes the shape of the approximate circle board becomes irregularity-like, and 
is emitting light. Moreover, in the state of luminescence of the plasma shown in drawing 8 , the front face by the side of the 
electrode 5 of the luminescence region which makes the shape of the approximate circle board became irregularity-like, local 
irregularity has arisen in the outline configuration of a luminescence region, luminescence intensity became strong locally in 
the formation position of the aforementioned breakthrough 5 and the plasma outlet 7 further, and nonuniformity has arisen 
also about luminescence intensity. In the luminescence state of the plasma shown in drawing 9 , luminescence of plasma has 
taken place even into the aforementioned plasma generating room 3 in part through the aforementioned breakthrough 5a. In 
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addition, a luminescence state of plasma like drawing 7 - drawing 9 changes according to processing conditions, such as 
power impressed to a plasma generating electrode, and room pressure, a quantity of gas flow. 
[0033] Thus, if electric discharge takes place unevenly, it will become uneven [ that luminescence's of plasma local 
irregularity arises in the outline configuration of a plasma luminescence region, or the field where the luminescence intensity 
of plasma is very strong occurs locally etc. ]. Therefore, since the yield of active species increases as a result compared with 
the case where there is also no nonuniformity of nothing and luminescence intensity about the shape of the approximate circle 
board with the smooth outline configuration of a plasma luminescence region, and plasma is emitting light uniformly, 
membrane formation speed improves remarkably. 

[0034] While being the flow rate of 3sccm(s) about mono-silane gas (SiH4) as material gas and introducing hydrogen gas by 
the flow rate of 300sccm(s) as carrier gas using the equipment mentioned above, the pressure of a membrane formation room 
was adjusted to 29Pa, substrate temperature was adjusted to 150-260 degrees C, the RF power of 13.56MHz and 100W was 
impressed, and membrane formation processing was performed to the substrate of white-board glass. Consequently, even 
when substrate temperature was 150 degrees C and low temperature, the microcrystal thin film was formed in the 
aforementioned substrate front face. Moreover, in the above-mentioned temperature requirement, the membrane formation 
speed of a microcrystal thin film was a maximum of 12A / sec, and membrane formation at the high speed which has not been 
attained conventionally was possible for them. Furthermore, by optimizing above-mentioned membrane formation conditions 
and making the aforementioned substrate temperature into 300 degrees C, membrane formation at high speed was attained 
very much with 150A / sec, it is such high-speed membrane formation, and the thin film was microcrystal-ized. Of course, 
when forming an amorphous thin film, membrane formation at high speed is still more possible. Moreover, when other 
surface treatment, such as ashing and etching, was performed using the equipment mentioned above, it was possible to have 
performed surface treatment at high speed [ are low temperature and ] than before. 

[0035] Hereafter, other examples of this invention are concretely explained with reference to a drawing. In addition, in the 
following explanation, the same sign is given to the same composition as the 1st above-mentioned example, and the detailed 
explanation is omitted. 

[0036] Drawing 1 0 is the schematic diagram of the surface treatment equipment 1 1 which is the modification of the 2nd 
example mentioned above. This equipment 1 1 is equipped with the same composition as the surface treatment equipment 1 of 
the 1st example mentioned above except for the plasma outlet 17 making the shape of a cylindrical shape which projects into 
the substrate processing room 4. When the plasma outlet 17 of this configuration is adopted, the same operation effect as 
above-mentioned surface treatment equipment 1 is done so. In addition, although the luminescence state of plasma serves as a 
type shown in drawing 7 which local irregularity has produced in the outline configuration of a luminescence region in this 
drawing 10 , also in this example, the luminescence state like drawing 7 of the 1 st example - drawing 9 type [ three ] is 
acquired. 

[0037] Drawing 1 1 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 3rd 
example of this invention. In this example, it has the same composition as the surface treatment equipment 1 of the 1st 
example which the upper plasma generating electrodes 15 differed, and also was mentioned above. As for the aforementioned 
upper electrode 15, the surface treatment equipment of this 3rd example is also making the shape of a hollow pillar. 15d of 
cylinder-like gas supply mouths is formed in the center of upper wall section 15c also at this electrode 15, and the mixed gas 
of material gas and carrier gas is introduced into the interior of the hollow of the aforementioned electrode 5 from 15d of 
these gas supply mouths. Moreover, two or more breakthrough 15b is formed in low wall section 15a of the downward 
electrode 6 and the electrode 15 which counters in the array as shown in drawing 2 - drawing 6 like the 1st example. 
Cylinder-like lobe 15e of the same path as this breakthrough 15b is continuously formed in the soffit of this breakthrough 15b 
with the aforementioned breakthrough 15b in the state where it projected into the aforementioned substrate processing room 
4. 

[0038] In this electrode 15, the aforementioned breakthrough 15b and the aforementioned cylinder-like lobe 15e constitute the 
electric discharge uneven means of this invention. Since it becomes easy to concentrate electric field on the protrusion edge of 
this lobe 15e by forming in the soffit of the aforementioned breakthrough 15b cylinder-like lobe 15e which projects into the 
aforementioned substrate processing room 4, electric discharge becomes still more uneven from the 1st above-mentioned 
example. Therefore, since local irregularity arises in the outline configuration of a plasma luminescence region and the 
luminescence state of plasma also becomes uneven, the yield of active species increases and membrane formation speed 
improves remarkably. 

[0039] Drawing 12 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 4th 
example of this invention. This 4th example is also equipped with the same composition as the surface treatment equipment 1 
of the 1st example which the upper plasma generating electrodes 25 differed, and also was mentioned above. Two or more 
breakthrough 25b is formed in the array as the aforementioned upper electrode 25 as well as [ low wall section 25a ] the 1st 
example indicates in drawing 2 - drawing 6 by forming 25d of cylinder-like gas supply mouths in nothing and its upper wall 
section 25c in the shape of a hollow pillar. Furthermore, crevice 25e which this breakthrough 25b follows over the perimeter 
of a soffit edge is formed. Thus, surface irregularity becomes large by forming crevice 25e in the aforementioned 
breakthrough 25b further, and since the number of the corners which electric field tend to concentrate increases, it becomes 
uneven [ electric discharge ] more [ low wall section 25a of the aforementioned electrode 25 ]. Therefore, since the 
luminescence state of plasma also becomes uneven and the yield of active species also increases, membrane formation speed 
improves remarkably. 
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[0040] In addition, although the aforementioned crevice 25e which continues over the perimeter of the aforementioned 
breakthrough 25b is formed in this example, you may form two or more crevices in the periphery of the aforementioned 
breakthrough 25b intermittently. In this case, more corners will be formed in low wall section 25a of the aforementioned 
electrode 25. 

[0041] furthermore -- although the type of drawing 7 with which the luminescence state of plasma has produced local 
irregularity in the outline configuration of a plasma luminescence region is shown by drawing 1 1 and drawing 12 in the 3rd 
and 4th examples -- said -- also in the 3rd and 4th examples, the luminescence state like drawing 7 of the 1st example - 
drawing 9 type [ three ] is acquired 

[0042] Drawing 13 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 5th 
example of this invention. This 5th example is also equipped with the same composition as the surface treatment equipment 1 
of the 1st example which the upper plasma generating electrodes 35 differed, and also was mentioned above. 35d of 
cylinder-like gas supply mouths is formed in nothing and its upper wall section 35c also for the aforementioned upper 
electrode 35 in the shape of a hollow pillar, and two or more breakthrough 35b is formed in low wall section 35a like the 1st 
example. Furthermore, two or more pillar-like salient 35e protrudes on the inferior surface of tongue of the aforementioned 
low wall section 35a. By constituting the electric discharge uneven means of this invention, and forming pillar-like salient 35e 
in the inferior surface of tongue of the aforementioned low wall section 35a in this way, electric field concentrate on said 
pillar-like salient 35e, and it becomes uneven discharging this pillar-like salient 35e. Therefore, the luminescence state of 
plasma also becomes the uneven thing which nonuniformity has produced also about luminescence intensity, while local 
irregularity arises in the outline configuration of a plasma luminescence region or local irregularity arises in the outline 
configuration of a plasma luminescence region like the type further shown in drawing 8 of the 1st example, as shown in 
drawing 13 . 

[0043] Drawing 14 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 6th 
example of this invention. This 6th example is equipped with the same composition as the surface treatment equipment 1 of 
the 1st example which the plasma generating electrodes 16 of the lower part which constitutes a septum with the substrate 
processing room 3 differed, and also was mentioned above. The breakthrough 7 with the electrode 16 of the aforementioned 
lower part circular at the center is formed, and this breakthrough 7 constitutes the plasma outlet 7 of this invention. 
Furthermore, this electrode 16 protrudes two or more pillar-like salient 16b on wall surface 16a which constitutes the low wall 
side of the aforementioned plasma generating room 3. Since electric field concentrate on said pillar-like salient 16b and 
electric discharge becomes uneven by constituting the electric discharge uneven means of this invention, and forming 
pillar-like salient 16b in wall surface 16a of the aforementioned electrode 16 in this way, this pillar-like salient 16b becomes 
uneven [ the luminescence state of plasma ]. 

[0044] In addition, the aforementioned pillar-like salient 16b can also be formed in the wall surface which may form in the 
wall surface which constitutes the side-attachment-wall side of the aforementioned plasma generating room 3, or constitutes 
the side-attachment- wall side and low wall side of the aforementioned plasma generating room 3. 

[0045] Furthermore, you may protrude a pillar-like salient on the plasma generating electrode of both upper and lower sides 
combining the 5th example of drawing 13 , and the 6th example of drawing 14 . In this case, an up-and-down pillar-like 
salient may be made to form and counter a homotopic, or an up-and-down pillar-like salient may be shifted mutually, and may 
be formed. 

[0046] Moreover, although the aforementioned salients 35e and 16b are made into the shape of a pillar in the 5th example of 
the above, and the 6th example, it is not limited to this and a cross section can also consider as the salient of the shape of the 
shape of a rectangle, or a polygon. Furthermore, the nose of cam of the salient can also be sharpened acutely, or it can also 
consider as a semi-sphere configuration or the configuration which beveled. 

[0047] Drawing 1 5 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 7th 
example of this invention. This 7th example is equipped with the same composition as the surface treatment equipment 1 of 
the 1st example which the plasma generating electrodes 26 of the lower part which constitutes a septum with the substrate 
processing room 3 differed, and also was mentioned above. The breakthrough 7 with the electrode 26 of the aforementioned 
lower part circular at the center is formed, and this breakthrough 7 constitutes the plasma outlet 7 of this invention. 
Furthermore, pillar-like crevice 26b is formed in wall surface 26a from which this electrode 26 constitutes the low wall side of 
the aforementioned plasma generating room 3. Since the part which electric field concentrate is formed in the front face of the 
aforementioned electrode 26, electric field concentrate on the marginal part of said pillar-like crevice 26b and electric 
discharge becomes uneven by constituting the electric discharge uneven means of this invention, and forming pillar-like 
crevice 26b in wall surface 26a of the aforementioned electrode 26 in this way, surface treatment speed of this pillar-like 
crevice 26b improves remarkably. 

[0048] In addition, although the aforementioned crevice 26b is considering as the shape of a pillar, you may be the crevice of 
the shape of the shape of a rectangle, or a polygon, furthermore, the position which may form two or more crevices in the 
inferior surface of tongue of low wall section 5a of not the electrode 26 of the lower part which constitutes a septum but the 
upper plasma generating electrode 5, or counters the plasma generating electrode of both upper and lower sides, respectively 
-- or a position can be shifted and two or more crevices can also be formed 

[0049] Drawing 16 is the schematic diagram of the plasma generating room 3 in the surface treatment equipment by the 
octavus example of this invention. This octavus example is equipped with the same composition as the surface treatment 
equipment 1 of the 1st example which the plasma generating electrodes 36 of the lower part which constitutes a septum with 
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the substrate processing room 3 differed, and also was mentioned above. The breakthrough 7 with the electrode 36 of the 
aforementioned lower part circular at the center is formed, and this breakthrough 7 constitutes the plasma outlet 7 of this 
invention. Furthermore, pillar-like insulator 36b is laid under the wall surface 36a from which this electrode 36 constitutes the 
low wall side of the aforementioned plasma generating room 3 in the aforementioned wall surface 36a and the flat-tapped 
state in the front face, and two or more insulating regions are formed in this wall surface 36a. Since the part which electric 
field concentrate is formed in the front face of the aforementioned electrode 36 and electric discharge becomes uneven by 
constituting the electric discharge uneven means of this invention, and forming insulator 36b in wall surface 36a of the 
aforementioned electrode 36 in this way, surface treatment speed of this insulator 36b improves remarkably. 
[0050] In addition, although the aforementioned insulator 36b is considering as the shape of a pillar, you may be a prismatic 
and many prismatics. furthermore, the position which may lay two or more insulators under the inferior surface of tongue of 
low wall section 5a of not the electrode 26 of the lower part which constitutes a septum but the upper plasma generating 
electrode 5, or counters the plasma generating electrode of both upper and lower sides, respectively -- or a position can be 
shifted and two or more insulators can also be laid underground 

[005 1] Moreover, if it is in the above 6th - an octavus example, although the type shown in drawing 7 in the example 1 which 
has produced local irregularity in the outline configuration of a plasma luminescence region as a luminescence state of the 
plasma in drawing 14 - drawing 16 is shown said even if it is in the 6th - an octavus example, by setting up processing 
conditions suitably, it can also consider as the luminescence state of the plasma which has produced local irregularity in the 
outline configuration of a plasma luminescence region, and has nonuniformity also in the luminescence intensity of plasma 
like the type shown in drawing 8 in the 1st example 

[0052] Drawing 17 is the schematic diagram of the surface treatment equipment 21 by the 9th example of this invention. If 
this equipment 21 removes the point that the cylinder-like permanent magnet 9 is attached in the inner circumference of the 
plasma outlet 7, it is equipped with the same composition as the 1st example. In this example, a lengthwise magnetic field is 
formed in this plasma outlet 7 by arranging a permanent magnet 9 on the aforementioned plasma outlet 7. Therefore, 
especially electric discharge in the aforementioned plasma generating room 3 concentrates on the aforementioned plasma 
outlet 7, and the luminescence intensity of the plasma in this plasma outlet 7 serves as the maximum as compared with the 
case where there is no magnetic field. Thus, by strengthening further the luminescence intensity of the plasma in the plasma 
outlet 7, gas is efficiently activated near this plasma outlet 7, and it can be made to blow off to the substrate processing room 
4 smoothly, without reducing the activity, and surface treatment speed improves remarkably. 

[0053] The surface treatment equipment 21 by this 9th example is used, mono-silane gas (SiH4) as material gas by the flow 
rate of 7sccm(s) Moreover, while introducing hydrogen gas by the flow rate of 105sccm(s) as carrier gas The pressure of a 
membrane formation room was adjusted to 27Pa, substrate temperature was adjusted to about 300 degrees C, further, the 
magnetic field intensity of the aforementioned permanent magnet 9 was changed to 250-600 gausses, the RF power of 
13.56MHz and 30W was impressed, and membrane formation processing was performed to the substrate of white-board 
glass. 

[0054] Consequently, it followed on making magnetic field intensity increase, membrane formation speed improved, and the 
crystal / amorphous RAMAN peak intensity ratio also increased further. Especially, when main magnetic field intensity was 
700 gausses, even if membrane formation speed was 68A/sec. and it was the low power which is 30 W, membrane formation 
was made extremely at high speed. When main magnetic field intensity was similarly 700 gausses, the crystal / amorphous 
RAMAN peak intensity ratio was set to 4, and a quality microcrystal silicon film called 1 .6x10-5/9.0x10-7 S/cm in light/rate 
of a dark conduction was further obtained in optical irradiation of AM 1.5 and 100 mW/cm2. 

[0055] Furthermore, when the substrate to which this membrane formation processing was performed was used as a solar 
battery, it was a highly efficient and quality solar battery. Moreover, when other surface treatment, such as ashing and etching, 
was performed using the equipment mentioned above, it was possible to have performed surface treatment at high speed [ are 
low temperature and ] than before. 

[0056] Drawing 18 is the schematic diagram of the surface treatment equipment 3 1 by the 10th example of this invention. If 
this equipment 31 removes the point that the cylinder-like permanent magnet 9 is attached outside the periphery of the plasma 
outlet 17 of the shape of a cylinder which projects into the substrate processing room 4, it is equipped with the same 
composition as the 2nd example, and does so the same operation effect as the octavus example mentioned above. 
[0057] In addition, although each is using the permanent magnet 9 in the 9th example and the 10th example, it is not limited 
to this, and otherwise, it is possible to adopt magnets which can give a desired magnetic field, such as an electromagnet. 
Moreover, covering may be made so that gas may not touch these magnets directly. 

[0058] the above example -- all -- one plasma generating electrodes 5 and 15 ... is made into the hollow cylinder configuration 
Therefore, as mentioned above, once storing the mixed gas of carrier gas or carrier gas, and material gas in the interior of the 
hollow of an electrode 5, it becomes possible to introduce this gas in the shape of a shower by in general uniform 
concentration in the plasma generating room 3. However, the aforementioned plasma generating electrode 5 is not limited to a 
hollow cylinder configuration, and can also only adopt a mere metal plate as the aforementioned electrode. In this case, it is 
necessary to form two or more breakthroughs, and a salient and a crevice in the aforementioned metal plate as an electric 
discharge uneven means, and to prepare the inlet of carrier gas in the aforementioned plasma generating room 3 separately. 
[0059] Furthermore, it is also possible any example and to use the plasma generating room 3 as the equipment of the type 
which the plasma generating room 3 is allotted [ type ] caudad, and a substrate processing room is established [ type ] in the 
upper part contrary to these examples, and makes plasma flow out of a lower part upwards although the substrate processing 
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room 4 is formed caudad above surface treatment equipment. Furthermore, it is also possible to consider as the equipment of 
the type which casing of surface treatment equipment is formed [ type ] to a right-and-left bilocular, and a plasma generating 
room and a substrate processing room are allotted [ type ] horizontally, and makes plasma flow into a longitudinal direction. 
In addition, even if it is in the case of which, it is also possible to make a substrate counter a plasma outlet, it to be able to 
intersect perpendicularly in the outflow direction of plasma, and to be able to allot it, or to allot a substrate to the outflow 
direction of plasma and parallel. Moreover, although RF power is supplied to the plasma generating electrode by RF 
generator P, direct current voltage can also be impressed by DC power supply. 



[Translation done.] 
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^20±fi2a(ClX'3Wt^TV^*>\ ^tlfcffi^? 
ti&hcox-l&K. -y-^y^2co&MffMmizM*}fi 
10 (t4J:k*H"|gT'&S„ 

[0023] m&*ntt&W5EFJiQGm60)ifrMz 

BHcor^xviKaip 7 fcnusrs . zcox^x^tan 

a&h.T»&. *3gKtt££VYrfc^ l5ffiT7X-7lK{i5 
0. ^v^iT7X-75^S3*^a«®lM4t:|pi{tT 

20 H£ Atrr tt&r * i t t>*rfg-c&& . 

laffiT7X-7l!ji:aiP7S-XU-y hJg^k-TS^k 
[0024] ralBJJ5r<7)«Si 5 tt+SHttttfc* LTfc 

vmmm^^mmmsish-m^ixx^h. <r 
cvmLcomwfL5bte. mttm2'-w6i l z5Fct£o* 

[ 0 0 2 5 ] 02 ( a ) iz^rmmX'it. lu£fia?L5 
bli. UdH«Lb"trJL-oH<&n±t:BSft.TV^. I€fc:H 
30 02(b) 02(a) ^SJWdift4 +'t^?r 
*SfUB«fcLTi^. Hfc. 03 (a) t^rtfiSm. 



WBLSbJgBSV^fcH-flftlitli^. BP*>. 0* 
SISfe0!lT»±2aofiffl^-r^> Ufc»&PlJifcKH3*iT 
^h. WizM3 (b) 03 (a) ffy&ffllZtm& 

[0026] ifc. 04 (a) (cS*±5fc. 

m&itt:XftBzm*t^-z>WM*. 04 ( b ) 

40 pfc. 04 (a) (D^MJ^m^H^X'P'L^^m, 

mmt-t&mix'bixhx^. wtz. @5 (a)«i 

^^S*k-r5ffi5ll• , ^'. 05(b) «0i 5 tH^l^ii 

4"tva5^^il?L««ck fSEWfc "TIB?* 
4. 4fc, 06 (a) »±5t. »9*3=«Bk-ia 

$rffi*k-t4ffi?ij^ 06 (b) coldfc. *(DEftB 
nmHz^X*>b&ftZmM®t-?&Z k t^TflET' 

50 [0027] mfBSjl?L5 b«ttS2r lmra-1 



7 

Ommb-t&ZtmtK . 3!t»i. iSg£3mm~ 
7mmfc-r&.ri:#i?£U>. Cltf>B3I?L5 bJi#HB)! 

<o»c«^%-^grA o . fijaofiji?L 5 b s 

d k izi. VW&5<7)mti { ¥WmX'\i%<%>)ftUtfB 

w**n-k%hi><rrchh. xmtmximmK. 
mas bcomrntmt Lx^ufiztiaag&tit i> 

set. msmffiscoTsafsa^jp^ifijfcTLS^^b 

ZTthZkitTZZ. 

[0 0 28] ^USSfllKiswctt. mfE-ttroS 
fli5<D±g& 5 c cD^McmttOtfXffi&P 5 d 

■tit mzT7X-?*£fctt. i . &r>m.mx ism. s 
•ens. £t>. z(oifxmkn5dammzm^^ii 

xm&U5 d^ftftgifufLhg&S c<0*'kfcl8£ 

[0029] ^s^'xfla&psd^frg^gso* 

£rt&fc^A3ix*:&£#xli. luteSji?L5b*^ffl 

x*-b, laffimffiso+^rtaJtcjs^L^*.. tola 

M?L5 b*^^^v-tttB5E7"7X-7^±^3rtfc 
3SAt£ £ k tc J: 0 . t*-*DaUQWf£E 
*-CluEr5Xv|g4M3 rt i k 5 . 

ALT. «Klt»L5biM»li**y7j«rxa***A 

^A-rs.rhtT^s. 

[0030] tH2fflKW^4rtttfiB£r5Xvfcai 

P7^i6rr5iaat«ss^^8*5ii?tLTv^„ * 

«>. l33d^8±£ttB3*i*MstFlttt3^3*i 
0. a^lH*10 0PafcJ»S*iT^*. 

[0031] ue-*ro7;5 X7&£mffi 5 . 6 Cism 
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3 rt£gA3ix*:Kf*#x&tf* * 'J TtfxtfSttfl:;* 

immmm4 \im£*mi77Xvmm 3 j: 0 1,® 

fc«*iU14. iO7-5Xv<0g£fLt<k'9BaiS3!!SIS4rt 
(T^sfiffitfr^X^uiSi-u E2«40SlffifciS 

[0032] Zff)k S . 13£iC&«yM5lc(mL5 

©AS;h^£#xco?S1M^%-fc*9. @7~0 
9C*tidfc. T5X-7co%3t«St^-fc^S. 
07fc5KfT7XV£O3fcfctt.©T'«. T^XvofBteiS 

EiiSttfcfr^ tm&mmvitzmm&watf&i 
20 Tfco. Hfc. tmmmn5Rx/ryx^iiin7<m 

lc*>A5;W£fcTH4. 09tC*-rT5XvcO%3l6«ffi 
Til. BUfBfifflfL5 aS-ffloT-at. laffiT^Xv^ 
^3rttiT7'5XV(?)3^1&& s eioT>-^ <> £t>. 0 
7~H9<OJ:3^:r^Xvco%)t«t^i. T^Xvfte 

n®^tMni-ri,^^ME. xxtita&fm&s&mz 

[0033] ^Oidfc^F^-tScSA^vlSt. 75 

30 Xv<ofl3t5iS*^T3Su^*<^a!Wtl64-f?,^ 
if. T-^XVCDlBfciW-fc&i.. 7-5X 

[0034] ±aL^a5rfflV^T. SSXfXfc LTt 
y l/^yiJX ( S i H 4 ) Sr 3sccm<9S£l:T\ 4fc=^f^ U 
r^TX fc LT**^X5r 3 0 OsccmOsSST-^A-tS f: 

fmmnmn* 2 9 p a . »gias^ 150-2 

40 6 0X:tlSSLT. 13. 5 6MHz. lOOW^S® 

fes*5:EpjnL. mL^xamwizmmm^r, 

ST 1 2 A/sec. -e*>9. f£iiwc«^o^icrc 

msd&W8J&Z300X:k-?&Zklz3;*). 150 
A/sec. kffi*TSa-C<OJ«IS*Hlgk^0. CKOid 

50 =E^7rXiIH*iUW-6«^t:l4. St^aTtojSIK 
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[oo35] wf. ^wm^trm&miz^xmmi: 

[oo 36] hi o{±. Lt:m2mmm<^mmx' 
$>&$mm3m 1 1 cohp&ht&s . I^M 1 1 10 

T^XvnfcajPl 7£fiUflLfc*§3-fc:i>. ±3&mw& 
(=Ji&fi^fla*42tTUS07{:^-f Tfc&^T 

v^sa 5 . 2i«te0?ttjv>Tt>^iii»0ii<o07~a9(o 
[oo37iaii tt*mkom3mmmiz j s^hm 20 

31^gti5(t&T7X-7H4S3^«lBgHT'&&. I^H 

iS^T«±J^3T?Xv&4imBl 5#g&6ffi{i. ± 
m LfcSfS 1 5Qfe0!l<^iraia§£H 1 1 m~0>ffifRZffiz. 
T^S. ^Si3flS^co«SSl§». luEJi^^ffi 
gl SfcW^SH&ttfcfcLT^i. PMffil 5fct,±M 
&15 cff)*t»iAzPiffitt0)tfA®%!n 1 5 d ft 
Tfc 1 » ^'Xtt^P 1 5 d *^l5£«fi65 £0* Srtg? 
tclSfitfXfc^ 'Jr^Xfc<7)^^X3&^A$^S. 

T*c7>mn6fc*fi6rr.&m&i sotsssi 5 a 

^lHife0i|fcliafci02~06^^-J:d=5rffi?iJ 30 

x\ mmviBmii5bimf8.ztix^&. pmsmu 

5b<0TfflW±. IHIKHLI 5bfcP3-g<OPM#3&i} 
&1 5 luEfflB!!ag4rt^i:^ajtt«®rHU 
fESaTLl 5btimLXBfSLZtiX^&. 
[0038] M>>3me 1 5 KfcWCfcL BiFiEfijMfL 1 

5 b t mm m^mm® 1 5 e t tf^wmmm^m- 
^mmm^x^h. mm.miL\ sbnTmzmiM 
mmmm.4 n^t sgai-r s PM^ajat 1 5 e zBtftf- 
h z 1 1 x 0 , p^ajgfj 1 5 e ^aiffltcmw** l 

*M"< _B&9SS 1 Hffi^J: 0 tBcm^lgt^ 40 

tub. ftimrtmmtf^**). m&mmi<fa 

[ 0 0 3 9 ] 01 2\ttm\o%4mizmt l z £&mm& 
w&wiz&v&T7X-?mM3<?>mmxb?>. mm 

±*bl*:& 1 mmmmwmm. 1 1 m-m&zffi 

ff)±mM2 5 c fcUHfSPlfcDtfXfftl&P 2 5 d*ggj£§ 50 



^2000-273645 
1 0 

tixao. Tai352 5at(i. mmtmtmm 
2 ~h 6 iz5f?tx 0 %mm\ mvommn 25b 
m&ztLx^z,. mzmwmn2 5biirmi<^m 

£bfZ^X%mt&Wm2 5ei)<BjSLZtLX\.^. Z<T) 

x 3 ijiaa«?L2 5 b exicnas 2 5 e trnmrh 

Z 1 1 i 0 . 15IB«ffi2 5 COTS nB 2 5 eite$m<m& 

[0040] *mmxiim£Kmi2 5 h<n& 
mzbtz^xmettz msm2 5 e i/o>s 

*\ mfE«a7L2 5bo^taSc«oiaa5^Br^Wfc:^ 
5 a t« i >9^< £ 1 1 . 

[0041] igtc. ms&vmAmkmiz&^xmi 1 
arjf0i2T«. 7?x^<7&ftym&-r : 7X~?5m& 
<mmmizm^m^ma^A t x^zmi <n? 4 ra< 

^^ilT^^* 1 . I^IB3X^lg4ietedfci50Tt,lgl 

[ 0 0 4 2 ] a 1 3«*hbj^ smssmzxhmm: 
^m^zanhT^x^^SEMsammz'ht. mm 

5Hte^fc±JroT5Xv^mffi3 S^M^SffiJi. 

±3&Ltim 1 ^ss^wigffijyia^g 1 1 m-<m^m 
tx^z. frsji*«sffi3 5t,^ntttt^L. -e 

0±SS53 5 c£{±RI8Jttc7)#Xfft£P3 5 d*gg^$ 
*iTfcO. Ta3S3 5at{i, ^lUiS^hNa 
fc1SSc7)aa7L3 5b*^j£?^TV^. ^fc. lait!T 
gg|53 5 acOTISWi. ^COP3tt«g§g3 
^itT^S. £<7)P]tt*^3 5 e«. *m&MXfr 
%-#S*«j£t. £<0«tdt. HUffiTSa53 5aWT 
ffitntt*^3 5 e £JE&£?-6 £ fc £«k 0 , PP3tt« 

fc«>. T7X-7<03%3t*t©t .013 IZ3ft?£ o \,ZTy 

x-?mMi<mmB^izmumm{hti^.t^f). mz 
&m 1 $mm<mstziFt?4 mx 0 r^xv^ 

[ 0 0 4 3 ] 01 4{±*|feBJ^m6|ISSMt<t|,^iiii!!l 

m3miziiVhT7X-?mm3<7>wimcbh. mm 

x-?mmm 1 6 tfn&sflwi. ±a 1 mm<r> 
mmmkmm-crmm:ffiz-x^&. m^y^<r> 
mei 6«^-<o«t"i:^n^)OT?L7*«$^Ti> 
*) . mMmnni*mip>7'7X~?vkmn 1 m&-t 
a. sKc^mfiii 6«. imTyx-vmmsffyTmm 
zmm-mm 1 6 a t . micon&wm i6btm 
t&ix^z. r^Fqa«3§ei 6 b«. *%hb<ojj^f 
icoidt. mammi 6<ommi 
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1 1 

6 aKHtt#3§e 1 6 b Z. t izX *) „ PHtt 

1 6 b L&MJmi-t %h tzib. 

[0044] &i>. mfePffi#3§ei6bij. rotary 

xv&£g 3 commmmtfi-t seated lt t> ± 

[004 5] gfcli. 013<7)tg5SQfe04i:014<D® 
«i(cnft*^e^^LTfcJ:V\ ^^-(c±TOR 10 

[004 6] »^5Sgtt^tf®6iiiiwt'tt 

talB3§g35e, 16b^na«fcLTV^*>\ ifUc: 

[ 0 0 4 7 ] a 1 5{i*^Bg^7Hifi0l|fc: J; Sflffija 20 
a^Bt:fctt^r5X-7^S3^KW&H-C&l». SB 

x~?mM 2 6 #j«r4«fcL ±^L^mi mm<r> 

m®2 6{i^<o4"6tnjg^)«a7L7^«$itT Js 
•9. ^«ffl?L7«*f6BJcOT^XvlRaiP7^fflj£t- 
3gt!3|m«£2 6li. H5aT7Xv5£4iS3«0Tgffi 
6 afc, Rg1H2 6 bt>m&2tl 
T^6. iiOPJftWiI52 6b{i. *f|H3oJ!c«^%- 
#&£fi&£U ZCOXolz. B0£«fii2 6<OMH2 6a 30 

t ph^ws 2 6b mm s ^ 1 1 j o . fnem® 2 

6<o»lit:ttm*^*4'-rs^fi*«^ti. i^H&tt 
BOS? 2 6 b <m& tiwi* u . b tch 

[0048] BMa52 6bliHtttti: LTV^S 

mffitftf-z>TJj<omfe 2 6 -cta?Qr < . ±2rw 5 X? 
*ri6rt-sflffifc. ^^»ifia5:-r^LT. s&^nnate 40 

[ 0 0 4 9 ] 0 1 6 {±#?£HBoil8 jUfeflfc i 6fiffl«l 
S§§a£fctt6T7Xv2&^30«P&llT&S. 

XvfS^mfi 3 6 _B£L£S?S1 USS^W 

S®3 6{i-eco4«^tR}g«Sji?L7^«?<iTiJ 

mmM^it^m^zryx^tammfS.-t 

*ffitiL-tmW3 6aiZ. Watt<7)|gtaft3 6b#-e<0 50 
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1 2 

*ffi£flufefiiS3 6 a tH-^*tli-Cfflg$n-CtJ 0 , 
^Sffl3 6at{i^^^®TOgjS$ixTV^. d 
raffeg«53 6 bJi+^Bgwa^F%-^g^fl|^L. d 
OJofc. I5iailffi3 6i0affl3 6afe:^tfi|c3 6b^ 

B&t h z k iz x o » Buiemti 3 6 amm iz ismftnm 
*raa£g#m<i6Lt-rs. 

[0050] Srfc. m&mtk3 6 bttHtttffc LX^ 
hiiK fta^ftftMottJ;^. Wiz. B§M£ 
ffij£-rST*OSfii2 6T-{i5r<. ±2f<DT7X-?m 
BSi 5WTM35 5 ac7)TSt«SO^fr&ffi^tT i> 
J: < . <£Wt±imiicr>77Xvft'k'mizZti?tiK 

tmt&zti>x'*h. 

[0051] ztz. iMbe-mammizii^xte. 
mi 4~h i eiz^xzny-^x^c&gftvmt tx 
r?x^mMm%w&\zmwm:w{h<r>£. ix\ ^ 
$mm\iz&v&miiiz5k?f4~TZJii;Lx\^w. m 
ss6~sg8 mmnzh^x tsaa^^ssas^i. ^ 
ttio, mmmiz&vzm&izjjttfjmxo 
^ 77xvmmnmimiizm®m:wa<?>$itx 
a*). ^Tvx^am^^z^K^hh-r^x^ 

[ o o 5 2 ] 0 1 i\timmw>9mmizi.hmw^ 
®iH2 1 vmmxhh. wmw.2 1«. r^x-?^ 

s . mmmmz'it. msr yx^ta a i iz*.#me 9 

5:E-fS i t iz X 0 . HT^X^lRtBP 7 izimfifaco 

twatttwwcnaT" ^x^tu n 7 izm* l , pit ^ 

XviKffiP 7 5 Xv(OfB^JS*na^* J: 5ri-^- 
fcJtLTS^cfc^S. ZffiXdiZZryX^^aVX'CD 

77X-?<7)%m%z&.izmb& z t x\ wr=7X-?\k 
\HD7efi&mxmx<^x^mmt^. -e^fises 
ztmzit&z fc^< mizmiwg£4'\tmii$-£ 

[0053] zcom9 mmiz x hmmxmmw2 1 s- 

JHVvc, Mfi^XtLTtyy^y^rx (SiH«)^7 

sccmc7)8£*r, ^ »j rxrx t lttK^^'xs: 1 0 

5sccaff)^MX'mX'ti>tmz. J«ISaiOJE*2r27P 

a. «fifflg£ft3oox:fc8^u Mfc:. wia*A?a 

59cOfi8«j&S5r2 5 0-6 0 0tf1X£T$Ztt.Z-£ 
X. 13. 5 6 MHz. 3 0WCDlSfflWS)jZmaL. 

m^}yxffym.izm§Sm& i nr,fz. 

[0054] zvy&m. wmig&mmzitzizm\ 

-^3£SJtt>liJaL^. Wfc. *'L«:i3£j£#7 0 0# 
'>X<^l^fc{i^li3aS^6 8A/sec.TftO. 30W 



(8) 



000-273645 



1 3 

5.io omw/c m 2 n-yemiizti \ ^xxsv&wm 

ttl. 6xl0- 5 /9. OXlO-'S/cmi:!-^© 

[0055] Jgfc. £<8ttII»lOT3hfc£K£±R 
®fefcl/C<£JBU:i:.r-?>. M!H£C.§.oXiAKa*|| 

[0056101 8tt*&S0g|I 1 OHitHlc J: «4SB 

«®iia3 i^aii«&0-cj>s. Rgi3 ui. m&m 

8$mmt n-nmm&mth t <ox-ht . 
[ o o 5 7 1 m9mmmms%i i osnwrctto 

[0058] £l±OggftM-Ctt, -fiCVXy X~? 
3££1Iffi5, 15-- Sr^n^gtttLTV^. * 

tzmfeztizhox-te^. mzmmmt txm%& 
mA^MWzwm^^-^b LxmLcom&n* 

[oo59] wit. wffuonifeflt , mmmmmco 
±j}izryx-?mM3i. w*fci«rag4^ 
Rtfcn**. zti^msmtimiz. THizryx-? 

?S£M3£EL-C. *<0_t#t«lSjt!UIM£SUt. 7y 

ztt>-*i&x'f>i. rniza. mmmm&'r-i'V? 
ztE&zMizm&t. Tvxim^twmmLt* 
miz&t. Tyx-?zmfaizm,zth947<nm 
wti-&zti>*i&x'i>&. ^-ftLcom&izh~> 
rt>. ^lir^xvifcajpfcttfiStfTr^xvcDSE 

&1j\iQtzW£LXffi-?>ZttfX'$. jg^Ji. W&k7 
^Xv^ajtffl fcWfcffii-* z t i> ^&T$>6 . & 

**ftALTi>4*«. B3RWc£9i£iaeE*l$hr*- 

hZ.h\>X'%h. 



1 4 



[Effi<o©*^ittHB] 

[Hi] i&mm i nife^r* 6«!uii£m<offip& 

0T'£>6. 

[02] T7Xv?g£1BffiK^j££;h*Sm<«3«J£ 
5cf0T$>&. 

[03] ryx-?m.mmizm^tvtzmmii<Dmcm 

[04] T7Xv&£TO;3j££*i£Bffl?l?>Hfcfl!! 

io [05] 7 yxvmMizmtfLztiKWffiLnmzm 
[06] 7yxvmim&izB&zivzmii<?Mizm 

[07] JJWB0»Maifc»t*iWB<or5Xv* 

4ig^«£*tWii&0TS>&. 

[08] ±E^ffi5aasMttJtt&Jitsi%o7-7Xvi6 
[09] ijasaiWMaifcew-*i)w«o7-9Xv* 
20 [0io] *^co® 2iofe0rrib£«tmB^R 

nB0T'S>3> . 

[01 1] *5KB£OS3l6Siff«T'i)S^BJ&^iatt3 

its r^x -?^meoimmxi> & . 

[012] *^H^4Hitfl»ITS)S^liJ&^Stfc 

its 7- 7Xvf&£^ofip&0-e& « . 
[013] i8fflms&mchz»ma8£EB!i& 
7yx-7mMeommx-t> & . 

[014] *HHf!<oSf5 6&IOT&£fiiSMaC£ 

(t* ryxwi&mowmxb s . 
30 [0i5] *m*?>m 7mm?bi>3sm&E8B!£ts 
ft* r5xv%isco«ii«0r* s . 

[016] *^<^8S9IOT&**B«lia(c& 

ft*T7XVf6iSO«B&0-CftS. 

[017] *%m<m 9mimTb&mwmim.<?)n 

BS0TS>l». 

[018] *nmm i onttH7&&«e«mi«> 

«P&0T$>S. 

1.11,21,31 mmmgkw. 

40 2 jr-isyy 

3 7yX~?%£M 

4 ItilS 
5.15,25,35 7-5Xvf64«S 
5a,15a,25a,35a TMS? 
5b,15b,25b,35b Hfi?L 
5c,15c,25c,35c ±M® 
5d,15d,25d,35d tfxm&D 

1 5 e nupi^aia 
25e am 

50 3 5e 
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[018] 




8 



imiUBl^m 1^4^300 (1999. 4. 3 
0) 
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mmsmm&i mm 



MS r , , . .. . 
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